Public controversy over planned indirect potable reuse of wastewater has been a significant obstacle to implementing proposed schemes in the United States and Australia. Surveys of public attitudes to water reuse have generally shown lower acceptance of indirect potable reuse compared with other reuse options, such as irrigation. The south-east of England is projected to experience a shortfall in water supply by 2020 and the largest water utility in the region, Thames Water, is investigating indirect potable reuse as a potential new supply option. The indirect potable reuse feasibility studies include evaluation of the technology options and water quality as well as detailed consideration of public perception issues. As part of the work to address the latter, 2,000 Thames Water customers participated in an online survey of their attitudes to indirect potable reuse. The survey showed overall support for the idea of indirect potable reuse. The only demographic factor to show any significant difference from the whole sample was belief system, with Muslim respondents showing significantly less support than other groups. The survey results indicate that indirect potable reuse may be socially acceptable in the south-east of England, but that public engagement and participation in future decision making about indirect potable reuse will be important for the success of any particular proposal.
Introduction
Water reuse is an increasingly important option for ensuring the sustainability of urban water systems. Public acceptability is widely acknowledged to be a key factor in determining the success of water reuse schemes. Proposals for indirect potable reuse have been particularly controversial and public opposition has disrupted the implementation of these type of reuse schemes in the United States and Australia Shipps, 2013) .
The south-east of England, including London, is a water scarce region, presenting serious challenges for urban planners and water managers in the coming decades. Conventional water sources such as rivers and ground water in the region are close to or have exceeded ecologically sustainable levels of abstraction. In the south-east region as whole, the most severe predictions show a baseline overall deficit of 856,000 cubic metres per day in water supply by 2040 (Water Resources in the South East Group, 2013) . Thames Water Utilities Ltd (Thames Water) is the largest water and wastewater supply company in England. Thames Water supplies drinking water to nine million customers in the south-east region. In their supply area annual rainfall is approximately 700 millimetres and average per capita domestic consumption is currently 161 litres per person per day. Per capita consumption is projected to remain at this level, with potential population increases of 1.5 to 2.3 million people by 2040. Thames Water predicts that demand will outstrip supply by 2020, with a 260,000 cubic metres per day shortfall by 2040. Indirect potable reuse of water is one option for securing future water supplies being considered by the company. Public acceptability is a key area of research as part of a broader feasibility study of indirect potable reuse in to supply London (Thames Water, 2013) .
Planned water reuse is not widely practiced in the United Kingdom. However, treated wastewater is an important component of river flows, especially in south-east England. As most catchments in this region are highly urbanised this results in unplanned reuse, as water treatment works further downstream abstract from rivers receiving wastewater from upstream towns and cities. There is also one planned indirect potable reuse scheme in operation. The Langford recycling scheme owned by Essex and Suffolk Water discharges reclaimed water into the River Chelmer, allowing higher abstractions further downstream into a reservoir prior to treatment for potable use (Angelakis and Durham, 2008) .
Effective public engagement is essential for good decision making regarding water reuse proposals (Hartley, 2006) . Surveys of public acceptability are a good first step in evaluating the feasibility of reuse and provide useful baseline data from which to design effective public engagement programmes. Surveys can be used to highlight general levels of support or opposition to water reuse, areas of concern to members of the public and any differences between demographic groups, which can help to inform public engagement strategies.
Public acceptability and public engagement were key components of a study of the feasibility of indirect potable reuse in London. The aims of the social research component of the feasibility study were to:
 identify social factors that could undermine the feasibility of indirect potable reuse in London,  determine the extent to which international experience in the public acceptability of indirect potable reuse is relevant in the United Kingdom context, and  provide baseline data to guide strategies for public engagement with any future proposal for implementation of indirect potable reuse in London The social research programme consisted of a review of international experience, surveys of public acceptability, and deliberative forum. This paper presents the results of an on-line survey of 2,000 Thames Water customers regarding the acceptability of indirect potable reuse. The aims of the survey were to:
1. determine the baseline levels of acceptability in the London and Thames Valley population; 2. identify demographic factors which influence levels of acceptability; and 3. compare the United Kingdom results with previous international studies.
The paper begins with a review of factors influencing public acceptability of water reuse and summarises previous surveys from different countries. It outlines the methodology used in the Thames Water on-line survey, discusses the most significant findings, and concludes by comparing the Thames Water results with international studies, outlining the implications of survey results for future public engagement strategies.
Social factors in water reuse
Public acceptability is well established as a key factor in the success of water reuse schemes. Public acceptability has been shown to depend upon the proposed use of recycled water, the level of prior experience and knowledge of water reuse, the perceived risk of serious water shortages, and a small number of demographic variables 2011) . Public acceptability can be positively and negatively influenced by communication strategies, public consultation and engagement, and public involvement in decision making (Bell and Aitken, 2008; Colebatch, 2006; Hurlimann and Dolnicar, 2010) .
Traditional approaches to the feasibility and implementation of water reuse have been criticised for reliance on technological solutions, to the exclusion of social factors (Bell and Aitken, 2008) . Pioneering studies by Bruvold (1985; 1988; 1992) first noted negative public attitudes towards reuse. Although decades of research have produced numerous studies assessing individual factors behind public acceptance, few collate these. Within reuse literature there is therefore a call for comprehensive social appraisals to be included within the initial steps of a reuse network project (Po et al., 2003) . Illemobade et al (2009) confirm although many projects identify social perceptions as an issue, approaches to counter this mainly centre upon incentivising attitudinal change. This has been associated with the "deficit model" of science communication (Bell and Aitken, 2008) , whereby community objection is often blamed upon a lack of understanding of reuse technologies and water resource management, without analysis of social and cultural context.
A few notable studies have attempted to assemble a range of social factors with influence over reuse project success. Hartley (2003; , Po et al. (2003) , Dolnicar and Hurliman (2010) and Dolnicar et al. (2011) provide the most comprehensive reviews, summarising seven key factors.
The 'source factor'
Public perception of the source of water and its "use history" is highlighted as important across the literature (Po et al., 2003, p.20) . According to Hartley (2003) and Po et al. (2003) , people are more likely to accept reuse of water from their own home over a public source. This relates to the "yuck factor", noted across the literature (Jeffry, 2002; Hartley, 2003; Bell and Aitken, 2008) . This refers to emotional responses to the idea of using recycled water, including disgust at the perception of proximity to 'waste' (Po et al., 2003) . This has been cited as a key factor in the rejection of a number of reuse schemes globally in the 1990s, where terms such as "toilet to tap" and "sewerage beverage" pervaded media coverage of proposals in the United States (Hartley, 2003) .
End use
The proposed end-use of recycled water is widely noted to impact public acceptance. Generally, acceptance is higher when human contact with water is minimal (Hartley, 2003) . Application for industrial use therefore tends to be well accepted, but domestic use not (particularly drinking) (Po et al., 2003) . A survey by Dolnicar et al. (2011) in Australia confirmed this -92% of respondents confirming they would irrigate their gardens with recycled water, but only 36% would drink it.
Health
Health is a primary concern for all proposed applications of treated water. Public acceptance is higher when perceptions of its quality are good and clear health protection efforts are in place (Hartley, 2003) . A number of reports note, however, that perceptions of quality are often based upon properties such as cloudiness or turbidity, not official guidance (Jeffry, 2002) . A survey by Sydney Water (1999) found that 59% of respondents regarding a reuse scheme agreed with the statement 'no one can guarantee the safety of recycled water'.
Environmental benefits
Public attitudes towards the environment impact their acceptance of water reuse, but often as a lower priority (Po et al., 2003) . Public acceptance is higher when there are clear environmental and water conservation benefits (Hartley, 2003) . This correlates with awareness and understanding of environmental issues, with higher acceptance in locations where water scarcity issues are widely acknowledged (Dolnicar et al 2011; Hartley, 2003; Po et al., 2003) .
Cost
Predictably, public acceptance of water reuse is higher when costs of network installation and running are reasonable (Hartley, 2003) . This relates to the concept of 'willingness to pay' (WTP), the upper charge people accept for reused water (Woolston and Jaffer, 2005) . WTP is complex and assessments of it are contradictory. It relates to factors such as the value attached to reused water, people's attitudes towards it, and the potential for return on investment (Woolston and Jaffer, 2005) .
Trust
Public trust in local authorities and technology is widely noted as influential over the acceptance of reuse (Syme and Williams, 1993; Hartley, 2003) . Trust is in decline, particularly belief that even the best technologies can remove all health risks (Lawrence, 2000) . Hurlimann (2007) furthers this to consider the impact past public experience with water reuse can have on acceptance, with awareness of failed schemes nearby often impeding positivity towards a new proposal. Finally, trust also relates to issues of equity and justice, with objections arising in San Diego in the 1990s on the basis that the recipients of recycled water were predominantly those in lower income communities (Shipps, 2013) .
Socio-demographics
Socio-demographic factors receive much attention regarding acceptance of water reuse, and caution must be taken in generalising the influence of demographic factors across different populations (Po et al., 2003) . Dolnicar and Hurliman (2010) provide a comprehensive review of previous studies that show that acceptability is higher for men and those with higher levels of education. The age of respondents has been correlated to acceptability in different studies, though it has been positive and negative in different contexts (McKay and Hurliman, 2003; Dolnicar et al., 2011) . Studies in the United States have shown that opposition comes from long-term residents (Robinson et al, 2005) and those on lower income (Hartley, 2003) . In the United Kingdom, Jeffrey (2002) states there is no significant relationship between acceptance of water reuse and socio-demographics.
International studies of public acceptability
Much of the pioneering work on the public acceptance of reuse comes from Bruvold (1972; Bruvold et al., 1981) , who examined public acceptance of potable and non-potable reuse in the 1970s and 1980s. Many recent studies, such as Marks (2006) , are based on this work. Indeed, Bruvold suggested in 1972 that if opposition was higher than 50%, implementation would be extremely problematic. This has been the case in both the United States and Australia (Marks, 2006) . Table 1 summarises public acceptability surveys, showing the percentage of acceptance of recycled water for drinking, cooking and aquifer recharge. This also gives an indication of the distribution of surveys, with the majority conducted in the United States and Australia. Dolnicar and Schafer (2009) explored the public acceptability of both reuse and desalination water technologies in Australia, and the public's general understanding around these. In this study desalination was found to be almost as undesirable as reuse for many factors. For example, 11% of people thought they would drink recycled water, while desalination gained a surprisingly low 30%. Many misunderstandings were identified, such as 24% of people thinking desalination water was 'recycled sewage' (compared with 70% for reuse). Overall Australians had fewer concerns about the health risks of desalination, but thought indirect potable reuse was more environmentally friendly. Friedler et al. (2006) surveyed 256 participants in Israel regarding both potable and nonpotable reuse. An overwhelming majority supported wastewater reuse in general, but the results confirm the trend of decreasing support as contact with the recycled water increases. Only 11% of those surveyed supported indirect potable reuse via aquifer recharge, with 79% opposed. Acceptability was independent of age, gender, education and income.
Methodology
The Thames Water survey was designed to identify the overall level of acceptability of indirect potable reuse to its customers, to identify demographic factors that correlate with acceptability and to allow comparison with international studies. An on-line polling organisation was commissioned to deliver the survey to 2,000 Thames Water drinking water customers, split evenly between London and the Thames Valley region (the two geographical areas by which Thames Water is organised). The Thames Valley includes customers in smaller towns and cities in the River Thames catchment, outside London.
The survey was part of a feasibility study of potable reuse in London. It was necessary to include Thames Valley customers, who at this stage are not proposed to receive reused water, because as customers of Thames Water their bills reflect the overall cost of water supplied to all customers and therefore the acceptability of the proposal to all customers is an important consideration in the feasibility of any particular scheme. The population for the survey is therefore Thames Water customers, with two samples of 1,000 of London and Thames Valley customers. The sample is not intended to represent the English or British population as a whole, but results may be indicative of the wider context. Compared to the rest of the United Kingdom, Thames Water customers are on average younger, wealthier more highly educated and more likely to be immigrants, although considerable diversity exists within the population (Mateos, 2013) .
The sample was drawn from existing panels constituted by the polling organisation and was broadly representative of the population of residents in the region, as shown in Table 2 . The polling organisation used stratified sampling to meet the required sample size with reasonable representation of the target population in terms of age, gender and socio-economic group. The use of existing panels, recruited and paid by the polling organisation to respond to onsurveys on a range of issues, allows for higher response rates and better stratification of the sample compared with alternative recruitment methods.
Overall, the survey sample contained more women than the population and more people in the middle-age groups, with a higher overall average age. Based on previous studies in other countries, women are less likely to accept potable reuse (Dolnicar et al,, 2011) , whilst age has not been shown to have a consistent influence on acceptability, with different studies showing conflicting results (Hurlimann, 2007; Dolnicar and Schafer, 2009) . The analysis of the data included testing of the significance of demographic variables within this sample, which did not indicate that any bias in the overall results arising from the skewed age and gender profile of the sample.
The on-line delivery of the survey had the advantages of allowing fast and easy distribution and analysis, a high response rate, improved representativeness and a potential reduction in response effects. The disadvantages of the on-line delivery include the potential sample bias towards those willing and able to access the internet, the potential for respondents to rush through the questions and limited opportunity to explain important concepts. (Likert Scale; 1 strongly agree -5 strongly disagree)  Water experts, such as scientists and regulators, should have control over the kind of water the community is supplied with'  The general public should be consulted about using 'Planned Reuse' to supply water to houses in the UK 17. Rank the following options for 'Planned Reuse' according to your preference (Diagrams and explanation of environmental return options -river, reservoir, aquifer; rank 1 most preferred -3 least preferred) 18. What are the reasons for your ranking (Open answer).
The results of the survey questions in relation to levels of support and the risks and benefits of indirect potable reuse were analysed using the statistical package SPSS to determine the significance of any difference between demographic groups. Both parametric (t-tests) and non-parametric (Chi-Squared and Analysis of Variance, and Kruskal-Wallis) tests were used where appropriate to analyse the data. For example, where comparisons were made between variable factors, such as the location of London versus Thames Valley, with response scales, t-tests were used, whereas to compare demographics with question responses, Analysis of Variance was used. With the exception of religion, no statistical difference was found between demographic groups. Only the results giving an overall indication of the response of the sample as a whole or showing statistical significance between categories are reported in this paper.
This survey was one element of the social research component of the feasibility study of indirect potable reuse undertaken by Thames Water 2006 -2011 . The social research programme also included a deliberative research forum, which aimed to investigate the public response to indirect potable reuse in more detail and in relation to other water management issues in the South East of England. The deliberative forum involved 38 members of the public, who were broadly indicative of the general population. Before the forum they were provided with basic information about potable water reuse and were given time to make their own investigations on the topic, including discussions with family and friends. The main forum event was held over one day, and involved a series of facilitated discussions and activities, where participants were able to ask questions of experts, discuss the issues amongst themselves, and decide on their level of support for the proposal. The results of the deliberative research are not reported here, but are used to support the discussion of the survey results, and provided useful data for the overall feasibility study.
Results
The overall level of support for 'planned reuse' was 60% in response to the question 'how supportive are you of 'Planned Reuse'?', with only 12% of respondents either against or completely against 'planned reuse' (Figure 1 ). Confidence in water companies to deliver indirect potable reuse safely was also reasonably high, with 61% of the sample either very confident or fairly confident, while 33% were either not very or not at all confident.
Levels of general support for planned reuse showed no significant difference between demographic categories of gender, age, socio-economic group, location in London or the Thames Valley, having children, or having a water meter. Differences were seen in ethnic and religious groups. People who selected the 'black' ethnic category or 'Islam' religious category were less supportive of 'planned reuse' than the sample overall, however of all the demographic categories only the 'Islam' group was statistically different, using Analysis of Variance, with a mean response of 2.8, which is below the neutral rank of 3 out of 5.
The survey included a description of unplanned indirect potable reuse, as distinct from planned indirect potable reuse. Of the respondents 21% said that their water supplier already uses unplanned reuse, 14% said that their supplier did not, but 65% didn't know.
Overall the respondents thought that the benefits associated with 'planned reuse' outweighed the risks, with 67% of respondents agreeing that there are potential benefits in using 'planned reuse' but only 7% thinking there were no benefits, and the remainder didn't know. The benefits listed in response to an open question included a sustainable and constant water supply, reduction in costs, and helping the environment. In relation to risks, 49% thought that there are potential risks associated with 'planned reuse', 18% saw no risks and 33% did not know if there were any risks. The risks listed were associated with contamination and health, accidents (despite the highest levels of technology and monitoring), and water companies aiming for minimum standards despite risks to some users. Overall 51% of the respondents thought that the benefits outweighed the risks, while 17% thought that the risks outweighed the benefits, and the remaining 32% thought benefits and risks were equal.
Respondents were also asked whether they drink tap water now, and whether they expected to continue this if indirect potable reuse was introduced. While 9% said they did not currently drink tap water, this only increased to 12% with an indirect potable reuse supply. Bigger shifts were seen in those that do now drink tap water, with the 68% currently drinking water straight from the tap decreasing to 35% with indirect potable reuse. In addition, the 23% of respondents who currently treat tap water in some way before drinking it (for example, home filtering) increased to 40% if indirect potable reuse was the source. However, 75% still thought they would drink tap water in some form. The 'don't know' group shifted from less than 1% to 13% with an indirect potable reuse supply.
The Thames Water feasibility study includes investigation of three options for the return of reclaimed water from treated wastewater to augment drinking water supplies: return via the river, reservoir or aquifer. Aquifer return had the highest proportion of first preferences, with 47% listing this as their first preference (figure 2). While river and reservoir received similar first preferences at 26% and 27% respectively, river return was the clear least-favoured option, with 53% ranking it third. River also received the lowest mean ranking of 2.3 (out of first, second and third preferences). Aquifer and reservoir mean rankings were equal at 1.9 out of 3 each.
Reasons for the preference of aquifer recharge include a perception of additional filtering provided by ground and water conservation compared to reservoir recharge due to reduced evaporation. Discharge to a reservoir was favoured because it provided better control of water quality and potential environmental impacts. River flow augmentation was not favoured because for concerns about pollution, both positive and negative, with some people concerned not to pollute the river, while others were concerned about contaminating the treated wastewater prior to treatment. There was also a misperception that treated wastewater discharged to the river is 'lost' to the sea. Although trust in authorities to manage planned reuse showed a similar overall pattern to studies by CSIRO in Perth (Po et al., 2004) , with trust highest in scientists and engineers, followed in order by the Environment Agency, the economic regulator Ofwat, the Drinking Water Inspectorate, the Department of Health and the local water company lowest, the range of scores was much less in the Thames Water study, indicating less polarised views. The latter results were all within a tight range around the neutral value, with 3.3 the highest and 2.8 out of 5 lowest in contrast to the CSIRO results, which showed a two-fold difference between 'CSIRO scientists' (4) and 'private companies' (2.1). Respondents generally agreed with the statement that 'Water experts, such as scientists and regulators, should have control over the kind of water the community is supplied with', but importantly, agreement was higher for the statement 'The general public should be consulted about using Planned Reuse to supply water to houses in the UK'. Whilst trust in experts remains positive, there is increasing interest in the public being informed and involved in decision making about water resources in the United Kingdom.
Finally, the distributions seen across the wide range of data were generally bell shaped, although often with skewing. This observation is not meant to be of statistical significance, but rather to indicate that of all the topics investigated, none showed extreme polarisation of responses.
Discussion
From this survey it appears that support for indirect potable reuse may be higher in the southeast of the United Kingdom than in other countries. However, it is important to note that this survey positioned planned indirect potable reuse in the context of unplanned indirect potable reuse, rather than in comparison to non-potable reuse options. The lack of polarisation in the responses indicates that indirect potable reuse is currently not a divisive issue amongst the population surveyed and appears not to be as controversial a proposition in the United Kingdom as in other parts of the world. This may be because of the urbanised nature of the Thames catchment compared with Australia and the United States, leading to local experience and acceptance of unplanned reuse, with 21% if respondents indicating that their supplier used unplanned reuse. Qualitative results from the deliberative forum confirmed that participants already believed that unplanned reuse occurred, and planned reuse was thought to be preferable due to the higher levels of treatment of the wastewater before discharge and recycling.
The preference for aquifer recharge and reservoir supply over river flow augmentation as the means to introduce the treated wastewater into the drinking water system may also be related to the current experience of unplanned reuse. Aquifer recharge was thought to give the opportunity for further purification of the treated wastewater, while river discharge was associated with contamination. In the deliberative forums participants were unexpectedly favourable towards direct potable reuse, reasoning that treated waste water should not be further contaminated with raw water in the environment or reservoir. On the other hand, participants who were concerned about potential environmental impacts of water reuse were also likely to favour reservoir supplementation, to avoid potential pollution of rivers and aquifers.
The results for this study area (London and the Thames Valley) show no significant differences in support between genders, age, socio-economic status and other conventional demographic categories. Whilst this contrasts with some studies in Australia and the United States that have found significant differences relating to gender and income (see it confirms the specificity of public acceptability to particular populations, indicating the importance of wider cultural and social context in determining the feasibility of potable reuse and guiding public engagement strategies.
The level of support for indirect potable reuse is not universal, and Muslim respondents in particular showed significant concerns. This result is unique to this study, and has not been observed elsewhere. Dolnicar et al. (2011) found that belonging to a religion was negatively correlated to likelihood to use recycled water, but did not investigate specific religious affiliation. Prathapara et al. (2006) found that religion was cited as a reason for opposition to greywater reuse in Oman, despite religious teachings that permit water reuse. Water is of particular significance in Islamic practice because it is central to ritual ablutions, which may provide some explanation as to why Muslim respondents were more concerned about potable reuse than the wider population. The significance of water to London's Muslim population has been recognised in water conservation programmes delivered through mosques and community groups with high Muslim adherence, which may provide a useful basis for further exploring the attitudes of this group towards water reuse.
The level of trust in water companies compared to government agencies in London and the Thames Valley also contrasts with findings in Australia. Dolnicar and Hurliman (2010) found that Australians rated water authorities as a more influential source of information about water reuse than government agencies, while in this survey water companies were rated as the least trust worthy to deliver water reuse schemes compared to a number of relevant government bodies. This may be linked to the fully privatised nature of the water sector in the United Kingdom and is consistent with Bell's (2007) The survey results were complemented by the results of the deliberative forum. The survey results provide a snap-shot indication of the general level of support for the idea of indirect potable water reuse. The deliberative forum provided an indication of the impact on public acceptability of more considered discussion about the topic, including the provision of information by experts. The deliberative research results will be reported in future publications, but in brief showed similar levels of support for the indirect potable reuse, which increased throughout the event as participants were able to discuss the issues and learn more about the proposal. However, the deliberative forums showed that support for water reuse is contingent upon public trust in the water company and perception of their performance. This is particularly important as the water companies are fully privatised, and the British public is aware that companies exist to make profit as much as to provide safe water. Sound management and good customer relationships in general are important in dealing with specific, potentially controversial issues like water reuse. Several participants expressed concern that Thames Water should address issues such as leakage and costs, as a higher priority than water reuse. This is consistent with survey results showing the relatively low levels of trust in water companies to provide safe drinking water using planned reuse.
Conclusions
The survey showed a strong baseline of support for indirect potable reuse in London and the Thames Valley, however the strong agreement from respondents about the need for public participation in decision making about indirect potable reuse shows that this support should not be taken for granted in the implementation of a future indirect potable reuse scheme. The results of this survey indicate baseline levels of public acceptance of indirect potable reuse, and do not relate to a specific proposal for indirect potable reuse in the Thames region. Any future decision to proceed with indirect potable reuse in the region will be dependent on a range issues as detailed in the company's Water Resources Management Plan. Obviously decisions would also need to consider more specific social research on the proposal and incorporate a public deliberation and engagement programme (Bell and Aitken, 2008; Russell et al., 2008) . It is possible that support for a specific proposal for indirect potable reuse in London will be lower than the support for the general concept that was found in this study.
The survey results provide an indication of general support for the idea of potable reuse, but do not guarantee public approval of a specific proposal for indirect potable reuse in London or the Thames Valley. The findings of this survey and international experience indicate that a public engagement strategy for implementation of potable water reuse in London will need to account for concerns specific to the Muslim population and will need to build trust between the water company and the public. Communication about water reuse may best delivered by government agencies and independent scientists and engineers. Continued engagement with the public and attention to the concerns and experiences of particular segments of the population will be needed to ensure effective decision-making and delivery.
